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PREFACE 


The work reported herein was conducted by the Arnold Engineer- 
ing Development Center (AEDC), Air Force Systems Command (AFSC) 
under sp^onsorship of the National Aeronautics and Space Administra- 
lon. Johnson Space Center (NASA/JSC). Houston. Texas, for Rockwell 
International (R« Space Division. Downey. California, under Program 
Element 9. IE, Project 9705. The results presented herein were 
o tamed by ARO, Inc. (a subsidiary of Sverdrup & Parcel and Associ- 
ates, Inc.), contract operator of AEDC. AFSC, Arnold Air Force 
Station. Tennessee. The tests were conducted under ARO Project 
Nos. VA353 and VA524, The authors of this report were W. R, 
Martindale and L. D. Carter, ARO. Inc. The manuscript (ARO 

submitted for publication on 

November 13, 1974. 


The authors wish to express their gratitude to C. E. Kaul for his 
assistance during the tests. 
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1.0 INTRODUCTION 


An uno 0 rsto. 2 iding of the flow“fi6lcl stnuctujro of 3 . r 0 “tntr v ■* 

.such as the Space Shuttle Orbiter is essential if hypersonic jid cunrK ' 
data (particularly convective heating data) are to be reliablj e. trapo- 
lated to flight conditions. Specific areas of interest in the ve, tlc< 
field are shpek wave standoff distance, distribution of flow-fiela ; >-"p- 
erties in the inviscid shock layer, flow properties at the edge of the 
boundary layer, and details of the boundary-layer f.ow. The definition 
of flow properties at the edge of the laminar boundary layer is of par- 
ticular importance because most boundary-layer transition correlations 
(see Ref. 1 for example) use these properties. 

The primary objective of the present tests was the determination 
of flow properties at the edge of laminar boundary layers on current 
Space Shuttle Orbiter configurations. Pitot pres.sure, total -temperature, 
and surface static pressure measurements were used with the isentropic' 
flow 1 elations to derive these proj^erties. Secondary objectives in- 
cluded obtaining inviscid shock layer flow-field property distributions, 
shock wave standoff measurements, and boundaxy-layer flow details. 

The tests were conducted in the Hypersonic Wind Tunnel (B) of the 
von Karman Gas Dynamics Facility (VKF), at Mach number 8 using 
specially constructed pitot pressure and total -temperature probes. The 
tests were conducted in two phases, designated OH9 and OHS 2, each 
using a 0.0 175 -scale model of the then current Space Shuttle Orbiter 
configuration. Model angle of attack was varied from IS to 35 degrees 
and Reynolds numbers, based on model reference length, were 1 3 x 10*^ 
and 2. 1 x lO^. 

A complementai'y analytical study was undertaken to develop tech- 
niques to extrapolate the present boundary-layer-edge measurements to 
flight conditions. This study is documented in Ref. 2. 

2.0 APPARATUS 


2.1 WIND TUNNEL 

1’unncl H is a continuous, closed-circuit, 50-in. -diam hypersonic 
tunnel having Mach 0 and 8 axisymmetric contoured nozzles.' With the 
Mach 8 nozzle, this tunnel can be operated over the stagnation pressure 
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range of 50 to 850 psia at a maximum stagnation temperature of ISoO^R. 
The tunnel is equipped with a model injection system with which the 
model may be injected and retracted without interrupting the now . A 
description of the tunnel may be found in Ref. 3. 


2.2 MODELS 
2.2.1 OH9~Phase 


The model used during the OHO phase of testing was supplied by 
Rockwell International and was a 0.0175-scale model of the Space 
Shuttle Orbiter Configuration 139. It was designated as Model 29-0 
and is defined on Rockwell Drawing VL70-000139. This model was 
constructed of 15-5 stainless steel and had no movable control surfaces. 
The basic configuration is shown in Fig. 1, and a photograph of the 
model is presented in Fig. 2, Twenty-one static pressure orifices 
located on the lower surface of the model were made of 0.063-in. -OD 
stainless steel tubing which provided orifice diameters of 0.040 in. 

Also located on the lower surface were three l/8-in. Chrome^- 
constantan surface thermocouple gages which were used to record the 
model surface temperature. The locations of the static pressure 
orifices and surface thermocouples are shown in Fier. 3 and listed in 
Table 1. 

2.2.2 OH52-Phase 

The OH5 2 phase model was a revised version of the OH9 model and 
was designated as 29-0-Modified. This model is defined cn ...o'bkwell 
Drawing VL70-000140B. It was constructed of 15-5 stainless steel and 
had no movable control surfaces 5 The principal configuration changes 
from the 139 configuration were in nose shape and wing incidence angle. 
A comparison of lower surface contours for the two .aodels is shown in 
Fig. 4. The twenty-six pressure orifice and ten thermocouple gage 
locations on the lower surface of this model are shown in Fig. 3 and 
listed in Table 2. 


2.3 INSTRUMENTATION AND MEASUREMENT PRECISION 
2.3.1 Tunnel Instrumentation 

The Tunnel B stilling chamber pressure was measured with a 1000- 
psid transducer referenced to a near vacuum. The estimated uncertainty 
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of ±0.2 percent of the cal ii^rated ranj^e for this transducer is based on 
l^eriodic comparison with a secondary stancJard. The stilling chamber 
temperature was niea.sureci with Chrome!®-Alumc l® thermocouples 
which have an uncertainty of ±0.5 pcrcein. 'fhe free-stream Mach num 
ber uncertahity is ±0,30 percent of the calibrated Mach number for the 
Alach 8 tiozzle, The uncox’tainties of the: lreex~stream properties V'ere 
estimated by means of the layh^r stories medhod of errcjr propagation. 


-■^1. 

Uncertainties, ± Percent 
P T p T , p 

q 

IX) 

Re /ft 

0. 3 

0.8 0.5 

^ . 1 0,0 1.5 

1 . 

1.4 

2.3.2 Model Surface Data 





I he model surface [)ressures were ixieasured w'ith 1-psid ti-ans- 
ducers with an unct'rtainty of ±1 [percent. Using the Taylor series 
method of error propagation with this aid the p' uncertainty, the un- 
certainty of p /p ' is 1.8 percent. 
m o 

The model surface temixeratures w'erc measured w'ith Chromel- 
constanian coaxial surface thermocouple gages. Precision of the 
therm(;cou|)le measurements is estimated to be ±3°R considering wire 
an(i instrument uncertainties, 

2.3.3 Flow-Field Survey Systems 

I’he flow-field surveys were performed with a 4-degree-of-freedom 
remote' di ive mechanism. Ihis system positi(,)ned the jjrobes over the 
stations to be surveyed and pitched the survey drive axis, Zp, such that 
the survey would be made as neax'ly normal to the model centerline as 
[possible. The probe pitch drive was limit('d to 20 deg; therefor*-^ sur- 
veys made for model angles of attack of 30 and 35 deg weia .dightly off 
the normal. 'Hu' survey stations were locaced witliin 0. 1 inch of tile 
surface pressure orifice used to reduci' the data, and the jirechsion of 
the iirotic translath>n was estimated to lie t0.003 inches. 

'fhe pitot prixssure probes W'ere connectc * to 15-psid transducers 
which were calibrated for a 5-psid range. For this range, these trans- 
ducers have an uncertainty of tO.Oi psia. 
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2.? 4 0H9-Pha$e Probes 

vertical drive, two different leneth .... 

vrig. o; were required to cover the tPr 
during the OH9 phase of testing. Each of these flow Zl7 
supports had two Chromel-Alumel unshiei i a survey probe 

probes positioned outboard of the lower of ' wo Vitorpro*b“r“^Tem 
tore probe TTj was 0.010 in. in diameter and waTus^d aj’thjn 
instrument. Probe TTi was 0 020 in m ^ primary 

as a backup for TT^. l^robes iimiirr'ti Tirand " -'-Wered 

tested in Tunnel R exhihi+pw of ^ i 1 and x x 9, previously 

of abou, 0.9. ' f-ee-stream recovery factor. TT/T^. 

The lower pitot probe, pp;. was constructed of 0.020-in -On 
o".'oTo*in'’''Th"' *° “■ '"““d diameter of 

W.is constructed of 0.093-in. -Ol) tubing. ‘’’"l 

2.3.5 OH52-Phase Probes 


A single probe support was used during the OH 5 9 f . x- 

(f-ig. 6). The temperature probe TT, 1 “ testing 

flattened at the tip to a height of 0.05 2 in. m.-QD tubing, 

total-temperature ^profiles i^e-tfmlt^Tr^h derived from the 

on data repeatability and smoothness.^ ^’mifarty tLto^^d 

edge .Mach number uncertainty is estimated to be ^‘''^^“''■’^^Ty-layer- 


3.0 PROCEDURE 


3.1 TEST PROCEDURE 

shu..::^Trbtr&^^^^^^ - .he 

.'h^Tot^rern'^e^t^rne^Zm^r ^ 

.Ke inviscid shock layer does'n-o. alter uraTabatr^'nZZTtZw 
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hence, the total temperature remains constant through the flow field 
until tlie boundary layer is reached. When the effect m" viscous dis- 
sipation becomes significant, i.e., when the boundary layer is entered, 
the total temperature decreases. At the model surface the total tem- 
perature is, of course, equal to the model temperature. The magni- 
tude of the total-temperature inflection at the boundary-layer edge is 
enhanced by lowering the model wall temperature, so during the tests 
several measures were used to minimize model wall temperature. 


To obtain minimum wall temperature flow-field surveys, the 
initial model surface temperature and the time of aerodynamic heating 
of the model were controlled. The model, therefore, was retracted 
from the tunnel flow between surveys and cooled to about 530°R w'ith 
air jets. During this time, the probes were positioned in the test 
section to a predetermined location for the next survey. The model 
was then injected into the tunnel and the survey was initiated by driving 
the probes toward the model surface. When the lower pitot probe ap~ 
proached the vicinity of the model boundary layer where a high pitot 
pressure gradient was encountered, the data were recorded in a drive- 
pause manner to accommodate the longer pressure stabilization time 
in this region. When the lower pitot probe made contact with the model 
surface an electrical foul circuit was triggered, recording the final 
survey data point and establishing the probe height zero. An additional 
data point was taken after the pitot pressure had completely stabilized. 
After driving the pr. oes clear, the model was retracted from the tunnel 
for cooling and the cycle repeated for the next run. 

The model surfac‘d pressure data were obtained independently of 
the flow-field survey data. 


3.2 TEST CONDITIONS 

The tests were conducted at a nominal free -stream Mach number 
of 8 at a tunnel stilling chamber temperature of 1340°R. The other test 
conditions were as follows; 

Nominal Test Conditions 



p , psia 

i-Q 

Poo, psia 

T ""R 

J. IX 

qco. psia 

X 10-6 

7.92 

1.50 

0.016 

99 

0.72 

0.7 

7.95 

250 

0.027 

98 

1.18 

1.1 

Test 

summaries 

are given in Table 3. 




1 1 


A£f DC-TR75-5 


3.3 DATA REDUCTION 

The survey heights for the probes werp r.omn,.+o^ .u 

pTworofThTprbL'r 

\ 1 ^ point, obtained when the lov/er pitot probe (pp,) 

made elec rical contact with the model, was used to reference all 
probe heights to the model surface. 

oince the total -temperature probes were unshielded, there was a 
radiation loss associated with each measurement. In the inviscid shock 

o7tte ^ it not affect the definition 

' o the ~ radiation loss corrections were applied 

c t -e oata. However, if comparisons are made with calculations^ or 
quana les are derived using these total -temperature measurements a 
correction ehould be applied. The .implesc correction is to s“ect 1 

sem„fTT/7 e n 

u n iT+io K ” Of the readings ‘ 

ould then be multiplied by the correction factor. 

as m^ntTnp^°^ the efforts to reduce pitot pressure stabilization error 
as mentioned previously, significant errors were suspected particu- 
larly m the interior of the boundary layer. To quantify error 

gmim Thf r'"'"'’ it""^ m ^ Pressure stabilization computer pro- ' 

!t ^ indicated an error increasing from about 2.5 percent 

. ^’^"‘^a^y-layer edge to about 30 percent at the model surface A 

secton. be discussed in a subsequent 


The boundary-layer thickness, 6 , was determiined from the total- 

‘h- measured vl!ie 

'r;' ° ^ maximum measured value. The measured pitot pres- 

thP^-^^ corresponding model surface pressure were 

n usee to determine the boundary-layer- edge Mach number. The 

i'sVXoDfc%r'''^'^'i°T u.c^ing the Mach number and the 

' : P relations given in Appendix A. The cormuted edge 

conditions are summarized in Tables 4 and 5. 

value^M^tn\fr/ Present boundary-layer-edge conditions depend on the 
vfl, ^ n no in the definition. For example, 

u times the maximum measured total temperature 

a" c„„:i:.c:ir‘r" “d 

f „ r „ . compaiable to numerical results such as those 

of Ref. 2 where the boundary-layer edge was similarly defined. 
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4.0 RESULTS AND DISCUSSION 


4.1 STATIC PRESSURE 

1 centerline static pressure measurements from the 139 and 

140R coMigurations are compared in Pig. 7. The two sets of mea- 
surements are in good agreement for X/L values less than or equal to 
0 8 and diverge at larger values. These results are consistent with 
tne local body surface contours shown in Fig. 4. 

Also shown in Fig. 7 are modified Newtonian and tangent cone 
calculations for the 139 configuration. The data generally fall between 
the two sets of calculated values w^hich is consistent with data from 
similar configurations (see Ref. 4 for example). 

Spanwise static pressure measurements from the 139 confieura- 
tion at an X/L value of 0. 8 and 30 -deg angle of attack are compared 
with calculations using three methods in Fig. 8. The measurements 
rise from agreement with the tangent cone value near the centerline 

o agreement with tangent wedge values at the most outboard measure- 
ment station. 

A summary of wing static pressure measurements is shown in 
Fig. 9 along with calculated values for 2Y/B = 0.6. Calculated values 
or t ie other spanwise stations are not significantly different and are 

d?st"nr"‘ increasing pressure with spanwise 

distance can be seen. 


4.2 PITOT PRESSURE AND TOTAL-TEMPERATURE PROFILES 

in Fit the 139 configuration is shown 

in 1- ig. 10. The bow shock is located about one inch from the model 

surface. The pitot pressure profile is smooth from the shock to the 
model surface with no evidence of the boundary-layer-edge location. 

n. profile corresponding to the pitot pressure 

profi e o Fig. 10 is shown in Fig. 11. m contrast to the pitot pressure 
profile, the vicinity of the boundary-layer edge can be easily seen as 
the area where the total temperature rapidly decreases. The theoretical 
aspects of using total -temperature or total enthalpy profiles to define 
boundary -layer-edge conditions are discussed in Ref. 2. The present 
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definition of the boundary -layer edge (6) is the point where TT - 
0.995 as discussed in Section 3.3. 

Tn thP TVTP.'lPnt fpG+c: thp n»fn+ m Hiarnp+pr* ixrae r»<^+ nrir*c»o o r*Tl-»T 

i ~ * - W .. *, J.±J 

neglible with respect to boundary -layer thickness, hence, probe inter- 
ference v/ith the boundary layer might be suspected. Monaghan (Ref. 

5) discusses three types of profile distortions that may occur if the 
pitot probe is too large. They are as follows; 

(DA peak in the profile at the outer edge of the boundary 
layer, 

(2) A displacement of the main body of the profile, and 

(3) A distortion of the profile near the wall. 

The most important potential effect with respect to present data 
was the profile peak at the edge of the boundary layer since boundary- 
layer-edge properties were the primary objective, Gaiezowski (Ref. 

6) studied the effect of circular pitot probe diameier on boundary-layer 
profiles and found that if the probe diameter-to-boundary-iayer thick- 
ness ratio was less than 0,29, no profile peak (or distortion) occurred 
at the boundary -layer edge. 

An enlargement of the pitot pressure ratio profile for the region 
near the model surface from Fig. 10 is shown in Fig. 12. In this case 
the probe diameter-to-boundary-layer thickness ratio was 0.21 which, 
according to Gaiezowski criterion, should be adequate to avoid prefile 
peaking at the boundary-layer edge. Examination of Fig. 12 indicates 
that this is indeed the case. In three centerline surveys the probe 
diameter-to-boundary-layer thickness did exceed 0.29 by a small 
amount, but no profile peaking was noted. 

The profile displacement effect noted above results from the effec- 
tive center of pressure being shifted from the geometric center of the 
probe. Reference 5 states t.:at this effect is probably quite small in 
supersonic boundary layers. 

Profile distortion near a model surface is probably related to a 
local three-dimensional separation in the vicinity of the probe tip as 
discussed in Ref. 7. In Ref. 7 it was suggested that profile data, at 
points where the probe wall separation distance is on the order of the 
probe diameter, should probably be disregarded. The region of pos- 
sible p, obe wall interference is shown in Fig. 12. 
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Also shown in Fig. 12 is the estimate of the true pitot pressure 
profile based on pressure ste.bilization calculations as discussed in 
Section 3,3, The validity of this estimate is confirmed since it agrees 
with the stabilized point with the probe on the model surface (see 
Section 3.1). 

A comparison of centerlme pitot pressure profiles for 139 and 140B 
configurations at an X/L val-e of 0.5 and 30-deg angle of attack is shown 
in Fig. 13. Differences are smail as expected since body profile dif- 
ferences are small (Fig. 4). 

Off-centerline pitot pressure profiles from the 140B configuration 
at values of 2Y/B of 0.4 and less were similar in nature to the center- 
line profiles. Profiles at 2"'.’’/B greater than 0.4 were considerably 
different as can be seen from three examples in Fig. 14. These pro- 
files are irregular, perhaps indicating the presence of shocks and 
expansions in the flow' field. 

The thinnest boundary-layer measurement recorded W'as 0.030 in. 
at a 2"i /B = 0,6 and X/l, = 0,75, The probe diameter-to -boundary - 
layer thickness ratio in this case '.vas 0.47, but only a small overshoot 
in pitot pressure at the edge of the boundary layer w'as noted. 


4.3 BOUNDARY-LAYER THICKNESS 

Centerline boundary-layer tiiickness measurements from the 139 
configuration are shown in Fig. 15, A trend of decreasing thickness 
W'ith increasing angle of attack can be seen. The rapid thickening of 
the boundaiw’ layer near the aft end of the vehicle is attributed to the 
combined effects of flow' expansion (see Figs. 4 and 7) and three- 
dimensional flow convergence in this region. Centerline boundary- 
layer thicknesses from the 139 and MOB configurations are comparecJ in 
Fig. 16. The MOB results indicated a slightl;y thicker boundary layer. 

Spanwise distribution of boundary-layer thickness at an X/l. of 0.8 
for the MOB configuration is show'n in Fig. 17. A rapid decrease in 
thickness is noted in the region between 2Y/B values of 0.4 to 0.6. 

This decrease may be related to a dramatic change in pitot pressui 
profiles between the two areas (compare Figs. 13 and 14). An oil-flow 
photograph of the 139 configuration from another test is shown in Fig. 

18. Two streaks are noted in the region between 2Y/B values of 0.4 
and 0.6, Ihese streaks arc in the area of th'c bow shock /wing inter- 
action and apparently depict the transition from body-dominated flow to 
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that supported by the outer 
layer thinning in this area 
outer- wing flow. 


portion of the wing. Thus, the boundary- 
is attributed to the transition from body to 


4.4 BOUNDARY-LAYER-EDGE MACH NUMBER 

space" 'in:: 

trolling local ^ The parameter con- 

which fhe ^ 

The limiting values of shook or^ • i ^ layer crossed the shock, 

present at the „ose then the normal shock 

under consideration. ^ perpendicular to the point 

the 139 coiTfiguratio°n an?Siulated”^^^ number from 

limits are shownin pfe. 20 The 7 ""S'" 

isentropic flow relations with the mLsured st"^r^^^ obtained using 
pressure downstream of a normal shone pressure and the total 

total pressure downSream ofTn il “f ‘"o 

nuned by tangent ^rthe”,; appUedrcatTde:^^^^^ 

all three angles of attaek the he T f^^ly (denoted tangent cone). At 

between the^ca.cuLted iLlt f-U 

tangent cone limit as an^le of tf+ i ' ^ toward the 

sinfe the noseXw! „h?ch i ' 

becomes less dominant as angle of atta‘’crincreas™'‘‘ ‘=^*‘^"1®*“-’='. 

for tim r atlmlds nZblr^rmThTcrSta'^^teT^^ 

present data with respect to Reynolds rtumberllli^eTi:^^^^^^^^ 
the 

agreement except in the expansion region (X/l"greater Jhan o!sr" 

uratforrm X^L^tl^elfo Vlrf oonfig- 

Fig. v2 ThP ■ compared with calculated values in 

agreement with tanrenrcLTc'lJcul^^^^^^^ f 

Irtr^rnos^^Tu^et^^ ^ esse*nl-ally 
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vi; 1 r» rr 
’ -“te 


A summary of boundary-layer-edge Mach numbers on the 140B 
IS shown in Fig. 23 aluug wiLh tangent wedge and tangent cone 
calculations for 2Y/B of 0.6. Except for the expansion region 

(XM /C > 0.6) the values are generally in good agreement with tangent 
cone calculations. 


5.0 CONCLUSIONS 


Pitot pressure and total-temperature profiles were measured in 
the windward surface shock layer of two 0.175-scale Space Shuttle 
Orbiter models. Surface static pressure measurements were also 
made. Boundary-layer-edge conditions were then derived from thes“ 
measurements. Two distinctly different flow fields were found with * 
the following characteristics: 

Fuselage (0 < 2Y/B <0.4) 

1. Smooth pito; pressure profiles from the shock to the 
model surface and 

2. Boundar>--layer-edge Mach numbers that fall approximately 
midway between normal shock and tangent cone calculations. 

Wing (0. 6 < 2Y/B < 1) 

1. Irregular pitot pressure profiles indicating a complex 
flow field and 

2. Boundary-layer-edge Mach numbers that agree with tangent 
cone calculations. 
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Figure 3. Pressure orifice and thermocoup!- gage locations 
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Figure 8. Spanwise surface static pressure distribution at 
an X/L value of 0.8. 
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Figure 9. Wing suiface static pressure distributions. 








AEDC TR-75-5 








AEDC TR-76 5 


0 

0 

» in 

0 , 

0 . 


.16 


M 

00 



= 7.9 

= 1.3 X 10® 


a = 30 deg 



Figure 16. Comparison of boundary-layer thicknesses 
for 1.39 and 1408 configurations. 



AEDC TR-75-5 
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M =7.9 

00 ^ 
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Figure 17. Spanwise boundary-layer thickness distdbution at an X/L value of 0.8, 
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Figure 18. Oil flow photograph. 
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Figure 20. Centerline boundary layer^ge Mach number distributions 
for the 139 cenfiguretion. 
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O 


O 


o 


o 


o 



o 


o 


o 
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Figure 20. Concluded. 
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Figure 21. Comparison of 139 and 140B configuration centerline 
boundary-layer-edge Mach number distributions. 
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Fiijure 23. Wing boundary-layer.edge Mash number distributions. 
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Table 1. 139 Configuration Pressure Orifice and Thermocouple 
Gage Locations 


Pressure 

Orifice 

No. 

X/L 

2Y/B 

xw/c 

Pressure 

Orifice 

No. 

X./L 

2Y/B 

XW/C 

1 

0. 1 


0 

— 

11 

0. 4 

0. 107 


2 

0. 2 



— 

12 

0. 5 

0. 107 


3 

0. 3 



— 

13 

0. 6 

0. 107 

... 

4 

0.4 



— 

14 

0. 5 

0. 25 

... 

5 

0. 5 



— 

15 

0. 6 

0. 25 

... 

6 

0. 6 



— 

' 16 

0. 8 

0. 25 

— _ _ 

7 

0. 7 



— 

17 

0. 8 

0. 40 

0. 559 

8 

0. 8 



— 

18 

0. 848 

0. 60 

0. 60 

9 

0. 9 



— 

19 

0. 842 

0. 75 

0. 50 

10 

1. 0 



— 

20 

0. 928 

0. 75 

0. 90 






21 

0. 857 

0. 85 

0. 50 


Thermocoup le 
No. X/L 2Y/B 

A 0. 15 0 

B 0. 55 G 

C 0.95 0 
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Table 2. 140B Configuration Pressure Orifirp and 

— • ••wi 

bage Locations 


Pressure 

Orifice 

No. 


X/L 2Y/B XW/C 
0 . 1 0 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

0.4 0.107 

0. 5 0. 107 

0. 6 0. 107 


jPressure 
I Orifice 
No. 


X/L 
*0.5 
0 . 6 
0 . 8 
0 . 8 
0. 847 
0, 842 
0. 928 
0. 857 
0. 7 
0. 750 
0 . 8 
0. 928 
0 . 8 


2V/B 
0. 25 
0. 25 
0. 25 
0. 4 
0 , 6 
0. 75 
0. 75 
0. 85 
0. 25 
0 . 6 
0 . 6 
0 . 6 
0. 75 


0 . 5 & 
0. 59 
0. 49 
0. 901 
0. 49' 

0. 246 
0. 426 
0. 88S 
0. 299 


Thejrmocouple 
^ 2Y/B XVV/C 

. 0.15 0 

; 0.55 0 

0.95 0 

0. 88 0. 75 0. 699 

0. 88 0. 25 


Thermocoup le 
No. X/L 2Y/B XW/C 



0. 40 

0. 777 


0. 60 

0. 734 


0. 85 

0. 662 

0. 55 

0. 25 

— 

0. 70 

0. 40 

0. 299 
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Table 3. Test Summary 


OH9 Test Phase (139 Configuration) 



Survey Station 

Pq, psia Orifice No, 


''■92 150 2 

1 

1 

2-10 


t 

♦ 


♦ 


7. 95 

250 

7. 95 

250 


2-10 

* 


15. 5 

25 

30 

15. 5 
25 
30 
35 

15. 5 

25 

30 

35 

30 

30 


OH5 Test Phase (HOB Configuration) 

Survey Station 

^«» pQ, psia Orifice No. 


7, 92 150 


4-26 

21-26 

♦ 


t 


t 


♦Surface pressure data (all orifices) 


a, deg 

30 

35 

15 

25 

30 

35 
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able 5. Boundary-Layer-Edge Conditions 


AEDC TR 7 b -5 


vO 

O o o o o o o d o' d c' o' o' d o' -: 


ID O LO 

o^r^-o-i-oS,ogg;JS!g;;SJSS? 

Hspsiciigs^iisl 




Tt* ■. 


g g S s 5 ^ £ s? S! 3 s g s 

o o o --H o d d d d d d d 


;o^inoof-.vO— .so 

P S 

-j* ^ ^ tt ^ ^ d d d 
‘^‘Orovcdddddddd 


^: --: r. § 00 g S ????;? f: ^ S 
O o o o O o O d d d d d d d d d 


S S 5: ^ s 3 1 s ^ ^ s c> s 

^ CN CN ^ d d d d rs' d d d d d 


QC f«N i/^ 00 


S2Sgil^^sSS2 

• . .. “^f^r^oor^r^oo 

O o O o d d d d d d d d 


2?3»-}C2:;5£r''»'®r- 

f-N. W-> _■■ . * r^ l/5 <— * QQ _. 

<NcN^<r>S!^J^5;g;rOac 
. . . , ^ ^‘^^COi/5iOCV| 

c^ CN CN CN CN d d d d CN* d d 


I ^ 'O d coW d d d d d d ^ 

2^1 “:^^^^^®BoSSS55!25^ 

<N cs rM tN CM ^ CN* d d d d CN* d d d d 

|:| s o s 5 S 2 2 s ss d ° CN ^ 
£ 5£322§g?23223*SS 

“■I <= o o o d o' d d d o' d o' d d d d 


’^^C'^rN'^cn 

dP?;:!S2;2‘^'^oor^^3vo 


lO to l/) 1/5 


CN CO CN CN 

wr> vO d d d d 


<N CM CO CN d d d d d d d d 

oSf;S2S2§g2 2g 

o d d d o' d d d d d d d 


is§2g2?3§--sssr5: 

o o O O O O O O o' d d d d d d o' 


pillilplfa 

o o o d d d d d d d d d 


iT> CNO-«« 

* ° 2 3 3 ^ g 2 3 2 s 5 : g 35 s; ^ 

- CN ^ CN CN CN ^ .: -: Cn' Cn' d CN- Cn' CN- V 


S<2 ?!«ioSocnS3.^'''“n^C' 

gcN gr-.«2fJSSg;;S35* 
<N y CO CO cn’ n: co' d cn' c' cn’ CO- c^ cn- 


|lil355§gi|gs||| gj 


o o o o d d d d d d d d c-: 


slsssssssssi 

O O o d d d d d d d d d 


0000000 


SI 533S5525S5555;s5,5;S.sssis;sss 

0000 O o o o o o o d d d d d 

'.^1 g 


48 


AEDC-TR-75-5 


APPENDIX A 

DATA REDUCTION EQUATIONS 


The following equations were used to compute the boundary-layer- 
edge conditions which are given in Tables 4 and 5. 


PARAMETER 


EQJATIQN 


pp/p„ 


M. 


T /T 
e' ® 


^0 

%/u„ 


p^/p 
e ® 


vju. 


pp/p 


m 


pp/p ' 
o 

P /P ' 
^o 


From Table II, Ref. 8 using pp/p 

2 


m 


T /T = 


(7 - 1) M, 


1 + 


a^/a, = (Tg/TJ 


2 

1/2 


1 + 


(7 - 1) M. 


Ug/u<„ = (Mg/M<„) (ag/a„) 




fp 1 

“ 

m 


D ' 

o ^ 

L 


7 

T-1 


(7 + 1) 


7+1 


_1 

7-1 




2. 27 X 10"^ T^^^ 
T + 198.6 


[2 7M<„^ - (7-1). 
lb sec 


ft 


2 


(for T > 200°R) 


-10 lhc;pp 

p = 8.051 X 10 T, / (for T < 200"R) 

ft^ 


Reg /Re, 


Re^/Re^ = ipjpj (u^/u,,) / (p^/pJ 
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a 

B 

c 

c 

I 

d 

L, 

M 


m 




PP 


q<r 

Re 

Re/ft 

T 


T 

o 

TT 


u 


X 


NOMENCLATURE 

Speed of sound, ft /sec 

VToHf:al 1C A C\ 

4.U,-U Hi. 

l.ocal wing chord 

Pressure coefficient, (p - p ) /q 

Probe tip diameter, in. 

Model reference length. 22.58 in. (139) or 22.63 in. (1406) 
Mach number 

Static pressure, psia 
Model surface static pressure, psia 
Tunnel stilling chamber pressure, psia 
Free-stream pitot pressure, psia 
Survey pitot pressure, psia 
Free-stream dynamic pressure, psia 
Reynolds number 
Lnit Peynolds numlDcr, ft ^ 

Static temi)erature, °R 
Tunnel stilling chamber temperature, "R 
Survey total temperature, "Tl 
Velocity, ft/sec 

Axial distance from the nose, in. 
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XW Axial distance from the wing leading edge, in. 

Y Lateral distance from the model centerline, in. 

Z Probe height above model surface along the survey probe 

drive axis, in. 

a Model angle of attack, deg 

5 Boundary "layer thickness, in. 

€ Local body deflection angle with respect to the X-Y plane, deg 

7 Ratio of specific heats (1.40 for air) 

P 

/u Viscosity, Ib-sec/ft 

p Density, slug /ft ^ 

SUBSCRIPTS 

e Boundary-layer-edge condition 

L Based on model reference length 

max Maximum value 

® Free-strcam condition 

1 Probe 1 

2 Probe 2 
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